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surrounding conductive regions. 
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* NOTICES* 
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tClaim(s)] 

[Claim l] The double -sided circuit board characterized by connecting electrically the active 
elements formed in front reverse side both sides of a single crystal silicon substrate with a 
penetration electrode. 

[Claim 2] Said penetration electrode is the double-sided circuit board according to claim 1 
characterized by consisting of a conductive layer formed along the substrate thickness 
direction in a predetermined field of said single crystal silicon substrate, and an insulating 
layer which isolates the conductive layer from a surrounding conductive field. 
[Claim 3] Said conductive layer is the double-sided circuit board according to claim 2 
characterized by being completely surrounded by said insulating layer. 

[Claim 4] Said penetration electrode is the double-sided circuit board according to claim 3 
characterized by being a cross-section approximate circle configuration. 

[Claim 5] It is the double-sided circuit board according to claim 4 characterized by for said 
conductive layer consisting of p-type silicon which has an impurity diffusion field to both ends, 
and said insulating layer consisting of silicon oxide. 

[Claim 6] How to manufacture the double-sided circuit board of a publication in claim 1 
thru/or any 1 term of 5 characterized by providing the following A production process which 
forms an epitaxial growth phase in front reverse side both sides of a single crystal silicon 
substrate A production process which forms a diffusion layer in a portion which should serve 
as a conductor layer of a penetration electrode, and an insulating layer in said epitaxial 
growth phase behind A production process which forms in behind a porosity silicon layer 
which penetrates front reverse side both sides by porosityizing alternatively only a portion 
which should serve as an insulating layer among said diffusion layers A production process 
which oxidizes said porosity silicon layer by thermal oxidation 
[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the double- sided 

circuit board. 

[0002] 

[Description of the Prior Art] Conventionally, the technology of manufacturing the 
semiconductor circuit board from the wafer of a silicon single crystal is known. With this kind 
of technology, active elements, such as a transistor, are formed in the piece side of the 
cut down wafer for example, of a bipolar wafer process etc. And IC device is built with these 
transistors etc. Moreover, recently requires high integration of this kind of device strongly. 
[0003] 

[Problem(s) to be Solved by the Invention] By the way, in order to attain high integration with 
the same chip size in the conventional technology, it is necessary to change the pattern rule of 
a circuit into a FAIN thing. However, modification of such a pattern rule not only complicates 
a manufacturing process, but bars low cost izing and high performance -ization. 
[0004] There is formation of the active element by multilayering as the another technique of 
attaining high integration with the same chip size. However, high cost ization is not avoided 
as it is this method. This invention is made in view of the above-mentioned technical problem, 
and the main purpose is in offering the double -sided circuit board with a high degree of 

- 1 - 



JP10-229162A 



integration, without barring lowcost-izing and high perform anceization. 

[0005] Moreover, another purpose of this invention is to offer the manufacture method 

suitable for manufacture of the double-sided circuit board which was excellent in the above. 

[0006] . l _ U1 _ 4 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, let 
the double-sided circuit board characterized by connecting electrically the active elements 
formed in front reverse side both sides of a single crystal silicon substrate with a penetration 
electrode be the summary in invention according to claim 1. 

[0007] Invention according to claim 2 presupposed that said penetration electrode consists of 
a conductive layer formed along the substrate thickness direction in a predetermined field of 
said single crystal silicon substrate, and an insulating layer which isolates the conductive 
layer from a surrounding conductive field in claim 1. 

[0008] In claim 2, said conductive layer presupposed that invention according to claim 3 is 
completely surrounded by said insulating layer. In claim 3, said penetration electrode 
presupposed that it is invention according to claim 4 a cross-section approximate circle 
configuration. 

[0009] Invention according to claim 5 consisted of p type silicon with which said conductive 
layer has an impurity diffusion field to both ends in claim 4, and said insulating layer 
presupposed that it consists of silicon oxide. 

[0010] A production process which invention according to claim 6 is the method of 
manufacturing the double-sided circuit board of a publication in claim 1 thru/or any 1 term of 
5 and forms an epitaxial growth phase in front reverse side both sides of a single crystal 
silicon substrate, By porosity-izing alternatively only a production process which forms a 
diffusion layer in a portion which should serve as a conductor layer of a penetration electrode, 
and an insulating layer in said epitaxial growth phase behind, and a portion which should 
serve as an insulating layer among said diffusion layers behind Let a manufacture method of 
the double-sided circuit board including a production process which forms a porosity silicon 
layer which penetrates front reverse side both sides, and a production process which oxidizes 
said porosity silicon layer by thermal oxidation be the summary. 

[0011] Hereafter, "an operation" of this invention is explained. According to invention 
according to claim 1 to 5, a circuit can be built by connecting electrically the active elements 
formed in front reverse side both sides of a silicon substrate with a penetration electrode, 
using area of front reverse side both sides effectively. For this reason, even if it is the same 
chip size, high integration can be attained, without being accompanied by modification and 
multilayering of a pattern rule of a circuit. Moreover, as a result of avoiding complication of a 
manufacturing process, it becomes, without barring lowcostizing and high 
performance-ization. m . 

[0012] According to invention according to claim 2, since a conductive layer is isolated trom a 
surrounding conductive field by insulating layer, energization through front reverse side both 
sides is attained. If a conductive layer is completely surrounded by insulating layer according 
to invention according to claim 3, it will become what has more certain isolation of a 
conductive layer, as a result will lead also to improvement in circuit reliability. 
[0013] Since according to invention according to claim 4 it concludes structurally that it is the 
penetration electrode of a cross- section circle configuration and is hard coming to concentrate 
stress at least on each part, it leads also to improvement in circuit reliability. According to 
invention according to claim 6, an epitaxial growth phase is first formed in front reverse side 
both sides of a single crystal silicon substrate. A diffusion layer is formed in an epitaxial 
growth phase at the following production process. This diffusion layer turns into a conductor 
layer of a penetration electrode, and an insulating layer behind. Among those, it porosity-izes 
alternatively behind only about a portion which should serve as an insulating layer. Then, a 
porosity silicon layer which penetrates front reverse side both sides is formed. This silicon 
portion by which porosity was carried out has a large oxidation rate as compared with other 
portions which are not porosity ized. Therefore, if it oxidizes thermally in the following 
production process, reforming only of the porosity silicon layer will be carried out 
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alternatively, and an insulating layer which consists of silicon oxide there will be formed. 
Consequently, a penetration electrode which consists of a conductor layer and an insulating 
layer which isolates it from a surrounding conductive field can be obtained simply and 
certainly. 

[0014] , . , . _ 

[Embodiment of the Invention] Hereafter, the gestalt of the 1 operation which materialized 
this invention to the double-sided IC circuit board 1 is explained to details based on drawing 1 
- drawing 7 . 

[0015] As shown in drawing 1 , this double-sided IC circuit board 1 uses the single crystal 
silicon substrate 2 as main components. Here, the silicon substrate 2 which consists of a 
silicon single crystal of p mold which is the 1st conductivity type is used. Laminating 
formation of the epitaxial growth phase 3 is carried out at both surface [ of p mold single 
crystal silicon substrate 2 ], and rear-face sides (upper surface side of drawing 1 ) 
(inferior- surface -of- tongue side of drawing 1 ). These epitaxial growth phases 3 consist of 
silicon of n mold which is the 2nd conductivity type. Moreover, the silicon oxide layer 4, the 
circuit pattern layer 5, the passivation layer 6, and the bump 7 are formed in the surface of 
the epitaxial growth phase 3. In the epitaxial growth phase 3 by the side of the surface, it is 
the 1st transistor TR1 as an active element. It is formed. In the epitaxial growth phase 3 by 
the side of a rear face, it is the 2nd transistor TR2 as an active element similarly. It is formed. 
It sets in this operation gestalt and they are said both transistors TR1 and TR2. It is a npn 
mold. Both the transistors TR1 and TR2 It connects electrically through the penetration 
electrode 8. Consequently, the circuit as shown in drawing 7 is built by the double-sided IC 
circuit board 1. Said penetration electrode 8 is constituted by the conductive layer 11 and the 
insulating layer 12. The conductive layer 11 is formed along the substrate thickness direction 
in the predetermined field of p mold single crystal silicon substrate 2. The insulating layer 12 
has isolated the conductive layer 11 from the surrounding conductive field by surrounding a 
conductive layer 11 completely. The penetration electrode 8 of this operation gestalt is a 
cross-section approximate circle configuration. Moreover, said insulating layer 12 consists of 
silicon oxide. On the other hand, said conductive layer 11 consists of p type silicon which has 
the impurity diffusion field of p mold to both ends. It is p+ formed the electric conduction field 
13 of the cylinder-like p type silicon with which the conductive layer 11 was formed in the 
silicon substrate 2, and in the epitaxial growth phase 3 when said more concretely. It consists 
of a silicon diffusion layer 21 of a mold. 

[0016] Next, the procedure of manufacturing this double-sided IC circuit board 1 is explained 
to details based on drawing 2 - drawing 6 . Fundamentally, this double-sided IC circuit board 
1 can be manufactured through the usual bipolar wafer process. First, p mold single crystal 
silicon substrate 2 is prepared in the state of a wafer in about (110) the method (100) of the 
field which carried out the shape of a rectangular parallelepiped. And as shown in drawing 2 , 
the laminating of the epitaxial growth phase 3 of n mold single crystal silicon is carried out to 
the front reverse side both sides of a silicon substrate 2 with vapor growth. 
[0017] Next, the predetermined mask which is not illustrated on the upper surface of the 
epitaxial growth phase 3 is formed by the photolithography. This mask has opening in a 
predetermined part. Said opening is formed in behind corresponding to the portion which 
should serve as the conductor layer 11 of the penetration electrode 8, and an insulating layer 
12. Opening corresponding to an insulating layer 12 is carrying out the shape of an anchor 
ring. Opening corresponding to a conductor layer 11 is carrying out the circle configuration, 
and exists in the center of said doughnut-like opening. 

[0018] Placing and thermal diffusion of an impurity like boron are performed in this condition. 
It is p+ to the field exposed from the mask as drawing 3 is indicated "Come". The mold silicon 
diffusion layers 21 and 22 are formed, respectively. Said p+ Both the mold silicon diffusion 
layers 21 and 22 reach by Fukashi with a silicon substrate 2. At this time, the p-type silicon 
diffusion layer 21 of a circle configuration is doughnut- like p+. It is completely surrounded by 
the mold silicon diffusion layer 22. The above production process may be performed to 
coincidence, when the isolation diffusion of the usual bipolar IC is required. 
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[0019] Subsequently, while once removing said mask, another mask 23 is newly formed in the 
front reverse side both sides of a silicon substrate 2. This mask 23 is doughnut-like p+. It has 
opening 24 in the part corresponding to the mold silicon diffusion layer 22. Therefore, p+ of a 
circle configuration The mold silicon diffusion layer 21 is under this mask 23, and is protected 

[0020] The silicon substrate 2 which formed such a mask 23 is immersed into a fluoric acid 
aqueous solution, and current is passed by making a silicon substrate 2 into an anode plate 
side. At this time, by making the one direction by the side of the rear face of a silicon substrate 
2 into an anode plate side, it goes to a rear-face side from a surface side, and is p+ by the 
above anode plate chemical conversion. Only the portion of the mold silicon diffusion layer 22 
is porosity-ized alternatively. Thereby, as shown in drawing 4 , the portion concerned is 
changed to the porosity silicon layer 25. In addition, p+ of the shape of said doughnut The 
mold silicon diffusion layer 22 is formed in the part which corresponds to a surface and 
rear-face side respectively. Therefore, if anodization is performed, the porosity silicon layer 25 
in front reverse side both sides will connect and unify in a silicon substrate 2. 
[0021] At this operation gestalt, it is the amount of energization about the processing time to 
20 degrees C - 30 degrees C in the temperature of a fluoric acid aqueous solution as suitable 
conditions at the time of said anodization in 10 minutes - 20 minutes 20 mA/cm2 - 50 mA/cm2 
It has set up. When it deviates from this range, there is a possibility that processing 
effectiveness may get worse. And the mask 23 which became unnecessary is exfoliated after 
the above-mentioned anodization. 

[0022] Next, by exposing a silicon substrate 2 into a hot oxidizing atmosphere, as shown in 
drawing 5 and drawing 6 , on the whole, the porosity silicon layer 25 is changed to silicon 
oxide. The porosity-ized silicon portion has a large oxidation rate as compared with other 
portions which are not porosity-ized. Therefore, reforming only of the porosity silicon layer 25 
is carried out alternatively. Moreover, if such thermal oxidation processing is performed, the 
thin silicon oxide layer 4 will also be formed in the outside surface of a silicon substrate 2. And 
the penetration electrode 8 which penetrates front reverse side both sides is formed the above 
result. 

[0023] With this operation gestalt, as suitable conditions in a thermal oxidation production 
process, processing temperature is set up as 1000 degrees C - 1050 degrees C, and the 
processing time is set up in 30 minutes - 40 minutes, the general bipolar process at the 
production process after this - following - a transistor TRl and TR2 etc. it forms. First, 
after forming opening in the predetermined part of the silicon oxide layer 4, p mold impurity 
is driven in and diffused. Consequently, they are a transistor TRl and TR2 behind. The p-type 
silicon diffusion layer 15 used as the base is formed in the epitaxial growth phase 3. Next, 
after forming opening in another part of the silicon oxide layer 4, n mold impurity is driven in 
and diffused. Consequently, n+ which becomes a transistor TRl and the emitter of TR2 
behind The mold silicon diffusion layer 16 is formed in said p-type silicon diffusion layer 15. 
Moreover, they are a transistor TRl and TR2 behind. n+ used as a collector The mold silicon 
diffusion layer 17 is formed in the side within said p-type silicon diffusion layer 15 in the 
epitaxial growth phase 3. 

[0024] Then, the silicon oxide layer 4 is again formed in the whole surface by thermal 
oxidation of a silicon substrate 2, and a contact hole 18 is further formed in the predetermined 
portion of that silicon oxide layer 4 by photo etching. At this time, each contact hole 18 is p+ of 
the penetration electrode 8 to an emitter, a collector and the base, and a list. It needs to be 
formed in the part corresponding to the mold silicon diffusion layer 21, respectively. Then, the 
circuit pattern layer 5, the passivation layer 6, and a bump 7 are formed using the technology 
in which sputtering etc. is conventionally well-known. The double-sided IC circuit board 1 of 
drawing 1 is produced through the above processes. 

[0025] Now, the characteristic operation effects in this operation gestalt are enumerated next, 
(b) The double-sided IC circuit board 1 of this operation gestalt is the npn transistor TRl as 
an active element, and TR2 to the front reverse side both sides of the single crystal silicon 
substrate 2 of p mold. It forms one piece at a time, and has the composition of having 
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connected these comrades electrically with the penetration electrode 8. Therefore, IC circuit 
can be built by using effectively the area of the front reverse side both sides of a silicon 
substrate 2, i.e., twice [ over the past / about ] as many area as this. For this reason, 
outstanding IC device with a high degree of integration can be built, without being 
accompanied by modification and multilayering of the pattern rule of a circuit, even if it is the 
same chip size. Moreover, as a result of avoiding complication of a manufacturing process, it 
becomes, without barring low cost- izing and high performance-ization. 

[0026] (b) In the double-sided IC circuit board 1 of this operation gestalt, the conductive layer 
11 is isolated from the surrounding conductive field by the insulating layer 12. Therefore, 
energization through the front reverse side both sides of a silicon substrate 2 is attained. 
Moreover, since the cylinder-like conductive layer 11 is completely surrounded by the 
cylinder-like insulating layer 12, isolation of a conductive layer 11 is a more positive thing. 
Therefore, the circuit reliability built also improves certainly. 

[0027] (c) Moreover, in the double-sided IC circuit board 1 of this operation gestalt, the 
penetration electrode 8 is a cross-section circle configuration. Therefore, when a thermo cycle 
etc. is encountered, there is the feature of seeing structurally and being hard to concentrate 
stress at least on each part. For this reason, it is hard coming to generate the crack by 
thermal stress etc., and circuit reliability improves in that semantics. 

[0028] (d) Form the insulating layer 12 which consists of silicon oxide by the manufacture 
method of this operation gestalt by reforming alternatively the porosity silicon layer 25 
formed beforehand using a difference of an oxidation rate. Consequently, a conductor layer 11 
can be isolated from a surrounding conductive field simply and certainly as a result the 
penetration electrode 8 can be obtained simply and certainly. Moreover, in case alternative 
reforming of said porosity silicon layer 25 carries out the usual thermal oxidation processing 
for forming the thin silicon oxide layer 4 in the outside surface of a silicon substrate 2, it can 
be carried out by coincidence. Therefore, even if it carries out alternative reforming, a 
manufacturing process does not become complicated and lowcostizing and high 
performance-ization can be attained. 

[0029] From the above thing, it can be said that this manufacture method is extremely 
suitable for manufacture of the double-sided IC circuit board 1. In addition, it is not limited 
only to the above-mentioned operation gestalt, for example, this invention can be changed 
into a gestalt as follows. 

[0030] O You may be the penetration electrode 31 of a configuration like example of another 
shown in drawing 8 (a) and drawing 8 (b). This penetration electrode 31 is arranged at the 
end face of a silicon substrate 2. p+ which constitutes a conductive layer 11 The mold silicon 
diffusion layer 21 and the conductive field 13 are isolated from the conductive field in the 
perimeter by the insulating layer 12. However, unlike the time of said operation gestalt, the 
conductive layer 11 is not necessarily completely surrounded by the insulating layer 12. 
Therefore, the point which the conductive field 13 has exposed from the end face of a silicon 
substrate 2 is different. 

[0031] O A transistor TR1 and TR2 A number is not limited at a time (a total of two pieces) to 
an one side side by one piece, and even if it is [ every / two or more (2, 3, 4, 5, 6, 7, 8, 9, 10 --) 
individuals ], it is easy to be natural [ a number ] to an one side side. Moreover, the transistor 
TR1 of both sides and TR2 A number may not be the same number. 

[0032] O A transistor TRl and TR2 Diode etc. may be formed as an active element of an except. 
In addition, it is easy to be natural even if it forms passive elements, such as resistance and a 
capacitor, collectively in addition to the above active elements. 

[0033] O It may replace with the penetration electrode 8 of a cross- section approximate circle 
configuration, and a cross-section elliptical penetration electrode may be formed. In addition, 
of course, the penetration electrode 8 may not be limited to these cross-section configurations, 
for example, may have the shape of a cross -section polygon, such as the shape of the shape of 
the shape of the shape of a cross-section triangle, and a cross-section quadrangle, and a 
cross-section pentagon, and a cross-section hexagon. But the way is more desirable although 
it has the cross section of the letter of a round without an angle. 
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[0034] O The insulating layer which replaces with the operation gestalt which adopted the 
insulating layer 12 which consists of silicon oxide, for example, consists of silicon nitride may 
be formed. However, the insulating layer 12 which consists of silicon oxide like an operation 
gestalt is advantageous in the point of being simply obtained by thermal oxidation processing. 
[0035] Here, the technical thought grasped according to the operation gestalt mentioned 
above is enumerated below with the effect besides the technical thought indicated by the 
claim. 

(1) In any 1 term of claims 1-6, said single crystal silicon substrate is ptype silicon, and said 
epitaxial growth phase should be n mold silicon. Manufacture will become easier if it does in 

this way. . 
[0036] (2) In any 1 term of claims 1-6, said active element should be a transistor. II it does m 
this way, IC device of a high degree of integration can be built on the limited silicon substrate. 
[0037] (3) It is the manufacture method of the double- sided circuit board characterized by 
forming said porosity ized silicon layer of anodization in claim 6. According to this method, 
penetration formation of the insulating layer which consists of silicon oxide can be carried out 
very easily through a porosity silicon layer. 

[0038] (4) The penetration electrode for the double -sided circuit boards characterized by 
consisting of a conductive layer formed along the substrate thickness direction in the 
predetermined field of a single crystal silicon substrate, and an insulating layer which 
isolates the conductive layer from a surrounding conductive field. Since it becomes being such 
a configuration connectable electrically about the front reverse side both sides of a silicon 
substrate, IC device which consists of an active element of front reverse side both sides can be 
built, and high-performance -izing and high integration can be attained. 

[0039] (5) The production process which forms the epitaxial growth phase which is the method 
of manufacturing the double -sided IC circuit board of a publication in claim 1 thru/or any 1 
term of 5, and becomes the front reverse side both sides of p mold single crystal silicon 
substrate from n mold silicon, The production process which forms a diffusion layer in the 
portion which should serve as a conductor layer of a penetration electrode, and an insulating 
layer in said epitaxial growth phase behind by placing and diffusion of p-type silicon, By 
porosity izing alternatively only the production process which forms in behind the mask 
which has opening to which only the portion which should serve as an insulating layer is 
exposed among said diffusion layers, and the portion which should serve as an insulating 
layer behind by anode plate chemical conversion The manufacture method of the double sided 
IC circuit board including the production process which forms the porosity silicon layer which 
penetrates front reverse side both sides, the production process which oxidizes said porosity 
silicon layer by thermal oxidation, and the production process which forms a transistor in 
front reverse side both sides according to a bipolar wafer process. 
[0040] In addition, the terminology used into this specification is defined as follows. 
"Anodization : Say package reforming processing which forms a porous layer in the substrate 
by passing current by making a substrate into an anode plate in the electrolytic solution." 
[0041] 

[Effect of the Invention] As explained in full detail above, according to invention according to 
claim 1 to 5, the double sided circuit board with a high degree of integration can be offered, 
without barring low cost izing and high performance -ization. 

[0042] Especially according to invention according to claim 3, circuit reliability improves 
because isolation becomes more certain. According to invention according to claim 4, circuit 
reliability improves by it being hard coming to concentrate stress on a penetration electrode. 
[0043] According to invention according to claim 6, the manufacture method suitable for 
manufacture of the double-sided circuit board which was excellent in the above can be offered. 
[Brief Description of the Drawings] 

^Drawing l] The cross section showing the double-sided IC circuit board of 1 operation gestalt 
which materialized this invention. 

[Drawing 21 The cross section for explaining the manufacture method of this double-sided IC 
circuit board. 
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[Drawing 3l The cross section for explaining the manufacture method of this double sided IC 
circuit board. 

[Drawing 4] The cross section for explaining the manufacture method of this double-sided IC 
circuit board. 

[Drawing 5] The cross section for explaining the manufacture method of this double sided IC 
circuit board. 

[Drawing 61 The cross section in the A-A line of drawing 5 . 

[Drawing 7l The representative circuit schematic of this double-sided IC circuit board. 
[Drawing 8l For (a), (b) is a fragmentary sectional view in the manufacture method of the 
double-sided IC circuit board of example of another, and a cross section in the B-B line of (a). 
[Description of Notations] 

1 [ - A penetration electrode, 11 / - A conductive layer, 12 / - An insulating layer, 21 / - p+ as 
an impurity diffusion field / A mold silicon diffusion layer, 22 / - Transistor as an active 
element. / - A diffusion layer, 25 - A porosity silicon layer, TR1 and TR2 ] - The double-sided 
IC circuit board as the double -sided circuit board, 2 A single crystal silicon substrate, 3 - 8 
An epitaxial growth phase, 31 



